The Strait of Malacca considered to be the busiest and is one of the world's most dangerous shipping lanes in the world because of its heavy traffic, narrowness, sharp turns, and many other critical factors. Therefore, maritime safety in the Strait of Malacca is an important issue. With a length of approximately 500 mi (800 km), the Strait of Malacca is the longest strait in the world used for international navigation. It forms the main seaway connecting the Indian Ocean with the China Sea and provides the shortest route for tankers shuttling between the Middle East and Asian countries. Therefore, this strait is the busiest shipping lane in the world. The principal aim of this study is to analyze the degree of safety in navigating the Strait of Malacca in terms of indices such as the danger score using the analytic hierarchy process (AHP) and the automatic identification system (AIS) data. The objectives of International Maritime Organization (IMO) of implementing the AIS are to enhance the safety and efficiency of navigation, safety of life at sea, and protection of maritime environment. In this study, the AIS is used as a source of data and AHP is used for evaluating the danger score, the sum of the weighting factors determined by this method, for the Strait of Malacca.
Introduction
The Strait of Malacca, considered to be the busiest shipping lane in the world, is located between the east coast of Sumatra Island in Indonesia and the west coast of Peninsular Malaysia, and is linked to the Straits of Singapore at its southeast end. With a length of approximately 500 miles (800 km), the Strait of Malacca is the longest strait in the world used for international navigation. It forms the main seaway connecting the Indian Ocean with the China Sea and provides the shortest route for tankers shuttling between the Middle East and Asian countries.
The Strait of Malacca is a high-risk area for navigation. It is not surprising that in a recent survey; more than 80% of captains of VLCC (Very Large Crude Carrier) responded that they are worried when navigating the strait. For centuries, concerns over safety in navigation have focused on issues of security and loss of lives and property. Currently, there is growing concern over environmental protection. For the Strait of Malacca, an analysis of the casualty data between 1975 and 1995 shows that serious accidents have occurred in high-density traffic areas 1) . The objectives of International Maritime Organization (IMO) of implementing an automatic identification system (AIS) are to enhance the safety and efficiency of navigation, safety of life at sea, and protection of maritime environment (IMO, 2001 ). The principal aim of this study is to determine the danger score in the Strait of Malacca by the analytic hierarchy process (AHP) using the AIS data. In this study, the AIS is implemented as a source of data that describes the characteristics of ship traffic volume determined using a geographic information system (GIS). AHP is then used for evaluating the safety level in the Strait of Malacca. In this study, weighting factors are determined using AHP. This paper is organized as follows. In the first section, we introduce the background of the research. We present a literature review in the second section. Herein, we have discussed the originality of this research and the applicability of the selected method through the literature review. In the third section, we investigate the sea traffic in the Strait of Malacca using the AIS data and GIS, which includes the traffic volume of the strait. In the fourth section, an AHP methodology for the evaluation of marine traffic safety is described. Fifth, proposed model using AHP is explored. Sixth, the construction of AHP and result of AHP are discussed. Finally, the simulation result of the danger score is presented.
Literature Review
Several authors have used AHP for research purpose in several fields. Hoang Nguyen.
2) has discussed the application of AHP in the risk estimation for ship systems. AHP has been used for estimating the proportional contributions of individual subsystems and units in the reliability structure of propulsion systems. Arslan et al. 3) analyzed the marine casualties in the Strait of Istanbul using SWOT-AHP. The objective of this study was to examine SWOT factors in greater detail and more systematically and then formulate clear and applicable strategies for safe marine operations in the Strait of Istanbul. They also developed a strategy action plan for ships, ship operators, ship management companies, and seafarers through a SWOT analysis and the AHP, to ensure safer navigational operations in the Strait of Istanbul and prevent the re-occurrence of marine casualties. Kwok et al. 4) used AHP to determine priorities in a safety management system. In this case, AHP was used to determine the priority of processes outlined in the BS8800 Guide to Occupational Health and Safety Management System for the Hong Kong construction industry. Ying et al. 5) , in their paper, have discussed about combining the AHP with a GIS for the synthetic evaluation of eco-environmental quality. Using the GIS and the regional eco-environmental information system database and assuming the county as the evaluation unit, they evaluated the eco-environmental quality of Hunan Province by integrating an eco-environmental evaluation index method and a spatial analysis.
Qigang et al. 6) used AHP and a GIS for the evaluation of hazard degrees in the Wanzhou district of the Three Gorges reservoir area. The model was established by GIS techniques using land use/cover, stratum characteristics, slope aspect, slope gradient, elevation difference, and slope shape as the evaluation factors. The weights of the factors were established by AHP.
Tesfamariam et al. 7) analyzed risk-based environmental decision-making using a fuzzy analytic hierarchy process (F-AHP). In their paper, vagueness-type uncertainty is considered using fuzzy-based techniques. The AHP is modified into fuzzy AHP using a fuzzy arithmetic operation. The concept of risk attitude and the associated confidence of a decision-maker on the estimates of pair-wise comparisons are also discussed.
There are some studies in the literature that consider the issue of AIS. Mou et al. 8) used AIS data to analyze collision avoidance in busy waterways. They performed statistical analysis of ships involved in collisions. The authors take only into account ships (own ships) that have an encounter in the Traffic Separation Schema (TSS) of the port of Rotterdam. Pitana et al. 9) analyzed the evacuation of a large passenger vessel in the case of a pending tsunami using discrete event simulation (DES), which is considered to be a stochastic approach. In this paper, the authors used the AIS data to calculate the sea traffic in the area. Kobayashi et al. 10) proposed a guideline for ship evacuation in the case of a tsunami attack. In their paper, AIS data was used for an analysis of ships passing through Osaka Bay, Japan. The main focus of this research is to determine the danger score in the Strait of Malacca using the analytic hierarchy process based on the AIS data. In this study, the AIS is implemented as a source of data that describes the characteristics of ships' traffic volume determined using a geographic information system. AHP is therefore used for evaluating the safety level in the Strait of Malacca. In this case, weighting factors are determined using AHP. The evaluation criteria are divided into five: Ship condition, human factor, environmental factor, machinery factor and navigational factor. Each criterion divides into sub-criteria and sub-sub-criteria.
Investigation of Sea Traffic by AIS
The AIS is designed to provide information about a ship to other ships and to coastal authorities, automatically. Regulation 19 of SOLAS Chapter V "Carriage requirements for shipborne navigational systems and equipment" sets out the navigational equipment that must be carried on board ships, based on ship type. In 2000, the IMO added a new requirement (as part of a revision to Chapter V) for all ships to carry AIS capable of providing information about the ship to other ships and to coastal authorities, automatically.
The AIS is also designed to transmit and receive information about a vessel. This information includes its identity, position, speed, and course, along with other relevant information. Vessels within the AIS range can receive information transmitted by other vessels and display this information on a dedicated AIS display, a chartplotter, or a PC using navigation software. Combined with a shore station, this system also offers port authorities and maritime safety bodies the ability to manage maritime traffic and reduce the hazards of marine navigation.
According to the IMO, in 2002, AIS information includes static, dynamic, and voyage-related elements. Static information is programmed into the unit at the time of commissioning. Dynamic information is derived from interfaces with a ship's GPS and other sensors. Voyage-related data are entered manually by the ship's captain using a password-protected routine.
1 AIS Receiving System
The actual sea traffic conditions of several ships in the Strait of Malacca were investigated using an AIS receiver installed at Universiti Teknologi Malaysia (UTM) in Malaysia. All AIS data received by the equipment were continuously and automatically stored on the hard disk of a PC. The data could be retrieved from the PC via the Internet and analyzed on another PC at any time.
In this context, static information includes the vessel's maritime mobile service identity (MMSI), the name of the vessel, radio call sign, ship length, the draft of the ship, the IMO number, ship width, type of ship, and antenna position. Dynamic information includes the longitude, latitude, time, course, rate of turn, and speed over ground. Voyage-related information includes the draft of the ship, destination, and type of cargo. Figure 1 shows the photograph of the AIS receiving system at Universiti Teknologi Malaysia (UTM) in Malaysia.
AIS Data Analysis
The study area of this research is shown in Fig 2. Figure 5 shows the population of ships passing through the Strait of Malacca on 1/23/2010. This is broken down between: tanker ships (37%), cargo ships (26%), tugs (9%), passenger ships (3%), towing and fishing vessels (1%), other ships (10%), and unknown vessels (14%).
The AHP Methodology
The AHP is a method and a simple decision-making tool developed by Saaty (1980) to deal with complex, unstructured, and multi-attribute problems. The AHP integrates an expert's opinion and evaluation scores and converts the complex decision-making system into a simple elementary hierarchy system. There are some key steps to making decisions in an organized way, to generate priorities and to decompose a complex multi criteria decision-making (MCDM) problem. These steps include:
1. Define the problem and determine the objective. 2. Develop the decision hierarchy from the top with the goal of the decision, then the objectives from a broad perspective, through the intermediate levels (criteria on which subsequent elements depend) to the lowest level.
3. Construct a set of pair-wise comparison matrices. Each element in an upper level is used to compare the elements in the level immediately below.
4. Use the priorities obtained from the comparisons to weigh the priorities in the level. Continue this process of weighting and adding until the final priorities of the alternatives in the bottom most level are obtained.
In the AHP, the structure of the hierarchy is a very important factor. The AHP initially breaks down a complex MCDM into a hierarchy of interrelated decision elements. Figure 6 shows the structure of the constructed hierarchy. The decision goal is at the top level, while the decision criteria are sub-criteria in the middle level and sub-sub-criteria are in the bottom level. Table 1 shows a nine-point pair-wise comparison scale typically used in the AHP. The AHP helps to perform a pair-wise comparison the criteria at a particular level of the hierarchy, to find out which of the criteria the decision-maker wants to assign the highest priority. While comparing those criteria qualitatively, some corresponding scale values are assigned to them. Table 1 Nine-point pair-wise comparison scale of AHP. Table 2 Random inconsistency index (RI).
Calculation of Comparison Matrix
In this step, the pair-wise comparison matrix is calculated. The matrix is expressed by:
Priority Vector
Having a comparison matrix, we can compute the priority vector, which is the normalized eigenvector of the matrix. In this case, the relative weight can be easily obtained from each of the rows of matrix A. In other words, matrix A has rank 1, and the following holds:
where W = (w 1 ,w 2 ,..,w n ) and n is the number of elements. In matrix algebra, n and W in (2) are called the eigenvalue and the right eigenvector of matrix A.
In the AHP, the evaluator does not know W and, therefore, is unable to accurately produce the pair-wise relative weights of matrix A. Thus, the observed matrix A contains inconsistencies. The estimation of W � could be obtained similarly by:
where A � is the observed matrix of pair-wise comparisons, λmax is the largest eigenvalue of A � , and W � is its right eigenvector. W � constitutes the estimation of W.
Consistency Index and Consistency Ratio
We test the consistency of the judgment matrix to make sure it is maintained. We define CI as follows:
where CI is the consistency index, λ max is the largest principal eigenvalue of the matrix, which can be easily calculated, and n is the order of the matrix. Then, the consistency ratio (CR) is calculated as follows:
where RI is the random inconsistency index, which depends on the order of the matrix (Saaty, 1977). The RI is the average value of the CI, if the entries in the pair-wise comparison matrix were chosen at random. RI values determined from Saaty`s information and Saaty`s prosedure 7) . To calculate the CI/RI score, the team first gets the standard RI value from Saaty`s information. If CR≤0.10, the pair-wise comparison matrix is thought to have an acceptable consistency. Otherwise, the matrix should be changed. The calculated results for the weights are accepted when the consistency ratio is satisfactory. Table 2 shows the value of the random inconsistency index for a pair-wise comparison matrix with orders of 1 to 10.
Proposed Model Using AHP
In this research, the AHP was combined with AIS data in order to determine the danger score in the Strait of Malacca. AIS is implemented as a source of data that describes the characteristics of ship traffic volume determined using a geographic information system. AIS data is also used for determining the number of ships, ships' behavior and ships' traffic in the strait. AHP is therefore used for evaluating the navigation safety level in the Strait of Malacca. In this case, weighting factors are determined using AHP. The evaluation criteria were divided into five: Ship condition, human factor, environmental factor, machinery factor and navigational Intermediate values between the two adjacent scale values (used to represent compromise between the priorities listed above)
factor. Each criterion divides into sub-criteria and sub-sub-criteria. Combining AHP and AIS, the danger score could be determined. In this paper, the danger score in the Strait of Malacca was determined for different ships at different time steps.
AHP Design and Application to Assessment of
Danger Score
Conceptual Framework of Danger Score
The process to establish the danger score using AHP and AIS could be shown in Fig. 7 . Figure 7 shows the framework for the assessment of danger score. In this framework, several steps are shown, which are related to the Strait of Malacca, marine traffic safety analysis, AHP, an automatic identification system and a geographic information system. What follows next is the investigation of the AIS data using MySQL. In this step, several data pertaining to the ship, such as size, velocity, longitude, latitude, IMO Number, MMSI, type, name, etc., are obtained. The population of ships and the traffic densities, per day and per hour are calculated. These data are then input into the GIS to visualize the location of ships in the Strait of Malacca.
Next, a questionnaire is prepared to collect perception data. In this research, a total of 41 questionnaires were distributed among pilots (10), masters (10), officers (10) , and others crewmembers (11) who have navigated across the Strait of Malacca.
The results of the questionnaire are required to determine the danger score using AHP and the comparison matrix and to determine the weight of different criteria and sub criteria. In the next step, the danger score assessment and simulation using the AIS and GIS are carried out.
Selection of Assessment Criteria and Construction of Hierarchical Structure
This study attempts to evaluate the marine traffic safety in the Strait of Malacca based upon an assessment of danger scores. In this step, the structure of the AHP is designed as shown in Fig.8 . For the proposed methodology in this research, the establishment of the hierarchical structure for danger score assessment is important. In this context, selection criteria and sub criteria was conducted. Some keys and steps involved in this methodology are: (1) Proposed selection criteria and sub-criteria of hierarchical structure for danger score from the literature. (2) Interview to the relevant experts and professionals in the maritime field about the factors that contribute to the accidents and danger in the Strait of Malacca. To accomplish the proposed model using AHP, a questionnaire was designed based on AHP structured for data collection that was distributed to the navigators and crew members who have experience in passing through the Strait of Malacca. A questionnaire has been compiled based on the AHP structure. In this context, respondents who are selected to fill out the questionnaire were navigators and other crewmembers of ships that have knowledge of and experience in passing through the Strait of Malacca.
Based on the hierarchical structure of the AHP and a comparison matrix, we can compute the priority vector, which is the normalized eigenvector of the matrix. In the AHP structure, a goal is specified at the top level, all the objectives or criteria are listed at the second level and the last level presents all subcriteria. For this application, the evaluation criteria were divided into five categories: ship condition, human factors, environmental factors, machinery factors and navigational factors.
The ship condition consists of 4 sub criteria: type of ship, length of ship, speed of ship, and state of loading. Human factors consist of 5 sub criteria: communication, knowledge and skills, experience, overworked, and fatigue. The criteria of environmental factors consist of 10 sub criteria: wind effect, current influence, speed relative to another ship, other vessel's length, ratio of water depth to ship draft, distance between vessels, own ship course and course of another ship, time zone, influence associated with day of the week and characteristics of the area. Characteristic of area defines the encountered ships areas: head on area, crossing area and overtaking area. In the characteristics of the area, the configuration of the Strait of Malacca as a congested area is also considered. The traffic volume, the narrowness of the strait, the sharp turns etc. are also taken into account. The machinery factors consist of 6 sub criteria: failure of main engine and electrical, failure of rudder, failure of propulsion, failure of lubricating oil, failure of navigation equipment, and failure of hull equipment. The navigational factors consist of three sub criteria: inappropriateness of ship operation regulation management, inappropriateness of crew manning, and inappropriate of navigational aids.
The sub-criteria of type of ship, length of ship, speed of ship, and state of loading consist of several sub-sub-criteria or indicators. The sub criteria of current influence, speed relative to another ship, other vessel's length, ratio of water depth to ship draft, distance between vessels, own ship course and course of another ship, time zone, and influence of the day of the week also consist of several sub-sub-criteria or indicators. 
Results of AHP Application
To analyze the survey findings, the judgment matrices were compared, pair-wise, and calculated. The local priority weights of all main criteria and sub-criteria were first calculated, and then combined with all successive hierarchical levels in each matrix to obtain a global priority vector. The higher the mean weight of the global priority vector, the greater is the relative importance. This helps to distinguish the more important elements from the less important ones. Fig. 9 Weight of main criteria. Figure 9 shows the weight of the main criteria. Respondents reported that human factors (0.34) were the highest contributors to marine accidents in the Strait of Malacca, followed by ship condition (0.28), machinery factors (0.15), environmental factors (0.11) and navigational factors (0.11).
The weights of sub criteria for ship condition are shown in Fig.  10 . Respondents indicated that the type of ship (0.07) was the lowest contributing factor to marine accidents in the Strait of Malacca, while the speed of the ship and length (0.32) were the most important contributors to accidents in marine traffic safety. These were followed by the state of loading (0.29).
The sub-criteria of human factors are shown in Fig. 11 . In this figure, respondents indicated that experience (0.36) was the leading factor, followed by knowledge and skill (0.26), communication (0.21), over worked (0.09), and fatigue (0.08). 
ImplementationofAutomaticIdentificationSystem(AIS)forEvaluationofMarineTrafficSafetyinStraitofMalaccausingAnalyticHierarchyProcess(AHP)
Fig. 14 Weight of navigational factors. Figure 12 shows the weights of environmental factors. Distance between vessels (0.16) was continuously perceived as the most important sub-criteria of the environmental factors. This was followed by the ratio of water depth to ship draft (0.15), current influence (0.14), wind effect (0.12), speed difference compared with other ships (0.10), own ship course and course of other ships (0.10), characteristics of the area (0.07), influence upon the day of the week (0.06) and time zone (0.02).
The failure of main engine and electrical sub-criterion (under the main criterion of machinery factors), in Fig. 13 , was perceived as the most important (0.33). This was followed by failure of rudder (0.24), failure of navigation equipment (0.16), failure of lubricating oil (0.11), failure of propulsion (0.11), and failure of hull equipment (0.05).
As shown in Fig. 14 , inappropriateness of crew manning (0.44) was indicated as the most important sub-criteria of the navigational factors. This was followed by inappropriateness ship operation regulation (0.32) and inappropriateness of navigational aid (0.24). Table 3 shows the Indicator of ship condition. The type of ship indicator shows that LNG (0.17) were the most important, followed by VLCC(0. With regard to the speed of the ship, respondents indicated that values of 0-5 knots (0.02) were least important, followed by 6-10 knots (0.07), 11-15 knots (0.07), 16-20 knots (0.13), 21-25 knots (0.16), and over 26 knots (0.29). This shows that ship speeds over 26 knots are the most important condition. In this condition, navigators must be careful to navigate the ship in the Strait of Malacca. Responses suggest that, for the state of loading indicator, ballast condition (0.23) is the most important, followed by full load (0.77). Table 4 Environmental indicators. Table 4 shows the sub criteria related to the environmental factors. In this context, criteria of environmental factors consist of 10 sub-criteria. For the sub-criteria of influence of current, respondents argued that the 4.1 knots -over have a higher function value than others. In the sub-criteria: the differences of speed with encountered vessels, respondents agree that 0, 0 knots -0, 1 knot difference has a higher value of AHP function. Respondents considered that the smaller the difference in speed with other encountered ships is the more dangerous the navigation condition becomes. On the sub-criteria of length of the other ship, respondents adjusted that the difference of length over 300m has a higher danger score. Regarding the ratio of water depth to ship draft to, respondents indicated that values of H/d= 2.0-overare more important to be analyzed. In the sub-criteria of distance between vessels, the highest function is for the distance of 5L-less. Respondents agree that, if the distance between the ships is getting closer, then the hazard rate will be higher. Sub-criteria of ship course and course of other ships consists of area A, area B, area C and area D. Area A is area for head on of ship, area B and area D are area for crossing, and area C is area for overtaking. Respondent argues that the area A has a higher danger level than the area C, B and D. Sub-criteria of time zone, the times between 00.00h-04.00h and 16.00h-20.00h are considered more important than in the other times. In this case the respondents confirmed that during that time periods, the maritime traffic is considered to be the busiest. Considering the sub-criteria of upon the day of the week, Friday have a more important influence than any other day. In the criteria of ship condition and environmental factors, danger score is established based on AIS data. It is calculated from static and dynamic data of the AIS data. Static data includes the type of ships, length of ships, speed of ships, IMO number, MMSI (Maritime Mobile Service Identity) number and call sign. Dynamic data includes the longitude, latitude, time, course, rate of turn, speed over ground, voyage-related information including the draft of the ship, destination, and type of cargo. In the environmental factors, the data related to current and wind is obtained from the Maritime and Port Authority of Singapore (MPA).
Danger Score Assessment
AS shown in Fig. 8 , the goal of the hierarchy structure is to determine the danger score. Five criteria are considered: ship condition, human factors, environmental factors, machinery factors and navigational factors.
To assess the danger score, criteria of human factors, machinery factors and navigational factors could not be evaluated using AIS data. These criteria were determined from a questionnaire. The questionnaire was distributed among the navigators who have experienced passing through the Strait of Malacca.
As a complex system with multiple subjects and multiple levels of ship safety navigation, an evaluation index of ship navigational safety was compiled to make the levels more certain and accurate using AIS data. The process of the assessment is as follows: At first, the weight of the evaluation index of each criteria (ship condition, human factors, environmental factors, machinery factors and navigational factors) and its related sub-criteria are established using AHP. Therefore, the value of the function of sub-sub-criteria is determined based on AIS data. The danger score is obtained by the sum of weight of the criteria and the sub-criteria multiplied by the corresponding sub-sub-criteria function values as shown in Eq. 6:
where DS is the danger score index, f is the value of function of each index, obtained based on the weight of sub-sub-criteria in tables 3 and 4. In this case, the function is obtained by dividing the largest value of the weights in each sub-criteria and multiplying them 100 times on each index. w is the weight on each index, and n is the total number of indices, i = 1,2,3,……..,n.
The evaluation of danger score is devided into five danger areas: very low danger area, low danger area, middle danger area, high danger area and very danger area. Table 5 shows the division indexes of the established danger score in Strait of Malacca. 
Area

Score range
Very low danger (Safe condition) 0-50
Low danger (Safe condition) 50-100
Middle danger 100-150
High danger 150-200
Very high danger >200
Below is the resulting calculation of the danger score for a tanker (subject ship A), container (subject ship B) and passenger (subject ship C) that passed through the Strait of Malacca on 1/23/2010 at 16.00h. The ship data are given in Table 6, Table 7 and Table 8 . Table 6 Ship data of Pacific Lagoon. Table 6 shows the data of the ship. The calculation and simulation of the danger score have been established. The data were gathered for one period of time of one hour. In this case, data were gathered on 1/23/2010 at 16.00h. Based on AIS data, we find the largest volume of data is at 16.00h, when the number of ships was 1,118. Figure 15 shows the path of a tanker ship (will be hereafter referred as subject ship A) on 1/23/2010 at 16.00h.The ellipse line in Fig. 15 shows the subject ship A passing through this area for one hour between 16.00h and 17.00h. Ship tracking and danger score area for subject ship A are established based on AIS and GIS data. In this study, GIS is used to manage geographically and to visualize the vessel's tracks obtained from the AIS data. In this study, using MySQL, AIS data is converted to GIS and can be visualized. A geographic information system is a modern information technique with powerful functions of storing, disposing, managing, analyzing, and displaying all forms of geographically referenced information. GIS also allows us to view, understand, interpret, and visualize data in many ways that reveal relationships, Table 7 .Ship data of Maersk Line. Table 7 shows the data of a container ship. The ellipse line in Fig. 17 shows the path of the container ship (will be hereafter referred as subject ship B) passing through the Strait of Malacca area on 1/23/2010 for one hour between 16.00h and 17.00h. The simulated results of the danger score for the subject ship B is shown in Fig.18 , where the danger score was the highest between 16.36.54 and 16.43.54. The danger score which higher than 50 and lowest than 100 is classified as a low danger according to the division indexes of table 5. Table 8 shows the data for the passenger ship. Figure 19 shows the tracking and danger score of a passenger ship (will be hereafter referred as subject ship C) on 1/23/2010 at 16.00h. The ellipse line in Fig. 19 shows the passenger ship course line passing through this area for one hour between 16.00h and 17.00h. The simulation results for the danger score of the passenger ship is shown in Fig.20 
Conclusions
This study presents an evaluation of marine safety in the Strait of Malacca based on the AIS data and AHP. Using the AHP, several factors that contribute to accidents in the Strait of Malacca were revealed. In the Strait of Malacca, from 1975 to 1995, a total of 496 casualties were recorded. These involved collisions, contacts, founderings, standings, fire, engine troubles, bilgings and leakages. 35 of the 111 collision cases have caused foundering of the ships, led to fire and explosion or leakages leading to wrecks. An analysis of several factors that contribute to accidents in the Strait of Malacca indicates the following. First: Ship condition. In the ship condition, the following items are considered: type of ship, length of ship, speed of ship and state of loading. In the actual accident based on type of ship, General cargo ships are at the top the list at 53.15%, followed by tankers at 20.59%, bulk carriers at 6.72%, fishing craft at 4.41%, container ships at 2.94% and liquefied gas carriers at 1.68%. Secondly, the human element is the most important factor. Several accidents occurred caused by human error. In this case, experience and knowledge, fatigue, overwork, communication are factors that are important for navigators. Thirdly, the environmental factors will be discussed. In fact, serious accidents have occurred in high traffic density areas. Current, speed other ships, length of other ships, distance between vessels, wind effect, characteristics of area are factors that have contributed to the accidents in the Strait of Malacca. Further on, the machinery factors are described. The high percentage of leaking ships and ships limping with machinery problems must be viewed with deep concern because such casualties can easily develop into or cause catastrophic accidents. In the machinery factors, failure of main engine and electrical power, failure of lubricating oil system, failure of navigation equipment, failure of rudder, failure of hull equipment and failure of propulsion should be considered. Finally, the navigational factors are discussed. This factor can contribute to the accident in the Strait of Malacca. Inappropriateness of ship operation regulation management, inappropriateness of crew manning and inappropriateness of navigational aid are important variable that should be evaluated in order to increase the navigational safety in the marine traffic.
This research found an alternative way to assess the danger score of a vessel by considering a case study of vessel traffic in the Strait of Malacca. It was also found that AHP is considerably powerful in evaluating the weight of each criterion of the danger score. This was proved by the consistency ratio of all the criteria. The leading criteria that contribute to accidents in the Strait of Malacca are human factors. Based on AIS data, the ship population passing through the strait on 1/23/2010 was calculated. The following type of ships were examined: tanker ships 37%, cargo ships 26%, tugs 9%, passenger ships 3%, towing and fishing ships 1%, other ships 10%, and unknown vessels 14%.
In this research, an evaluation index of ship navigational safety was compiled to determine more certain and accurate levels using the AIS data. Figs. 15, 17, and 19 show the tracking of a tanker ship, container ship, and passenger ship, respectively, on 1/23/2010 at 16.00h. The resulting danger scores including danger condition and safe condition are shown in Figs. 16, 18 , and 20.
Possible future works include analysis and assessment of collision avoidance in the Strait of Malacca. For this purpose, the closest point approach (CPA) and time closest point approach (TCPA) will be explored.
